The steady magnetohydrodynamics (MHD) flow and heat transfer of an Oldroyd 8-constant fluid with wire coating analysis have been investigated numerically. The wire coating was analysed numerically in the presence of magnetic field with both constant and temperature dependent viscosity. Two different methods namely Reynolds model and Vogel's model were considered for temperature dependent viscosity. The non-dimensional resulting flow and heat transfer differential equations were numerically solved using Runge-Kutta fourth order method followed by shooting technique and the effects of pertinent physical parameters are shown in graphs. The result of the present study was compared with the earlier published result as a particular case. The non-Newtonian properties of fluid were favourably enhancing the velocity in combination with temperature dependent variable viscosity and two layer variations are remarked in the case of pressure dependent constant parameter for both the cases of constant and varying viscosity which retards the temperature at all points. 
Introduction
The importance of the application of magnetohydrodynamics (MHD) incompressible viscous fluid with heat transfer over a porous medium is remarkable in modern metallurgical, metalworking and manufacturing process. Many important applications of boundary layer behaviour of a viscoelastic fluid over a continuous stretching surface are observed in the case of the polymer, drawing of the plastic fluids and wires. Several fluids including lubricants, certain oils and jellies etc. have rheological characteristics and identified as non-Newtonian fluids. Various models based upon such non-Newtonian fluids are categorised into three types as differential, the rate and integral types [1] . The slight memory fluids are differential and rate type (dilute polymeric solutions) whereas the integral type fluids memories are considerable (Polymer melts). Fenner and Williums [2] studied the flow of a pressure die using power lae model and lubrication approximation theory (LAT) which was further expanded by Fenner [3] . Several studies devoted to flows of Oldroyd-B (3-constants fluids) which is a subclass of rate type fluids by analytical and numerical methods [4] [5] [6] . The Oldroyd 8-constant fluid at steady state condition was numerically solved by Wang and Ellahi [7] and [8] Hayat et al. [9] , Khan et al. [10] using Homotopy analysis method (HAM) and some other techniques.
Most of the magnetohydrodynamic (MHD) viscous incompressible fluid flow with heat transfer has been considered by many researchers based on constant physical properties. But in practice, some physical properties are changing with temperature and it is considered as constant properties in a good approximation as far the small difference in temperatures play the role [11, 12] . There exists an industrial process to coat a wire for environmental safety, insulation etc. known as wire coating. Types of wire coating are dipping process, coaxial process, and electrostatic deposition process. The first process offers much stronger bond between the continuums but having relatively slow as compared to last two processes. Using a pressure type die the problem related with coating extrusion was studies by Han and Rao [13] . The extrusion process consisted of the following three elements namely: (i) feeding unit (ii) barrel and (iii) head with a die. The details of these three elements were reported by Kozan [14] . The wire coating process of Oldroyd8-constant fluid was numerically solved by Sajid et al. [15] by using HAM technique. Another study such as Shah et al. [16] used perturbation technique and analytically studied the wire coating analysis of a third-grade fluid. Nowadays, the model widely used for wire coating is PhanThein-Tranner (PTT), which is a third-grade viscoelastic fluid model. Binding [17] numerically studied the high-speed wire coating process for polymer melts inelastic constitutive model and discussed the limitations of the pragmatic modelling approach. Multu et al. [18] used a tube-tooling die to investigate wire coating. Kasajima and Ito [19] investigated post treatment of polymer extruded in wire coating and discussed the effects of heat transfer on cooling coating. Later, Winter [20] analysed the both inside and outside thermal effect of the die, while plasto-hydrodynamics dieiess wire drawing is well explained by Symmons et al. [21] . Recently, Baag and Mishra [22] studied wire coating considering the linear variation of temperature in the post-treatment analysis. Further, Nayak et al. [23] numerically studied the wire coating analysis of thirdgrade fluid by assuming temperature dependent viscosity.
Porous medium plays an important role in MHD fluid flow. Previously, Cortell [24] studied the heat transfer effect of a fluid through a porous medium with considering the internal generation of heat. Midya [25] also reported the effect of heat transfer on MHD viscoelastic fluid over a shrinking sheet. Recently, Bhukta et al. [26] analysed the effect of porous medium on MHD viscoelastic fluid past a shrinking sheet. The electrically conducting second grade fluid along with transverse magnetic field past a stretching sheet was analysed by Lui [27] . Salem et al. [28] , Bhukta et al. [29] also numerically studied the dynamics of MHD flow considering variable viscosity and thermal conductivity as well heat transfer effect on viscoelastic fluid over a stretching sheet. The effects of convection heat transfer and thermo-diffusion on nanofluid past a stretching sheet or channel has been investigated numerically by Khan et al. [30, 31] and Mohyud-Din et al. [32] [33] [34] . Also, the nonuniform heat source, chemical reaction, hall and ion slip current effect on MHD micropolar fluid flow has been numerically studied by [35] [36] [37] [38] [39] [40] [41] . Recently, many researchers [42] [43] [44] [45] investigated the heat and mass transfer effects on non-Newtonian fluids in the presence of magnetic field.
The aim of the present study is to explore the study of nature of Navier-Stokes equations for wire coating of a pressure type dies in a Darcy medium with a bath of Oldroyd 8-constant fluid. In the study, variable temperature viscosity (Reynolds and Vogel's model) in addition to the magnetic field in the axial direction is considered. Here we note that the aforementioned facts are not discussed by Shah et al. [46] . Hence, it is intended to analyse wire coating process along with Oldroyd 8-constant fluid where a coating material moulded as melt polymer.
Problem formulation
The Fig. 1 shows the flow geometry of wire coating in the presence of pressure die. In the flow geometry, R w denotes the wire of radius, which is passed through the central line of an annular die (length, L, radius, R d , and temperature, h d ) with velocity U w and temperature h w . We assumed that the constant pressure gradient and magnetic field of strength B 0 are acting in the fluid. For concentric wire and die, the direction of the flow is represented by z wherein ''r" is perpendicular to z (see Fig. 1 ).
With the aforesaid assumption the velocity of the fluid ( q ! ), extra stress tensor (S) and temperature field (h) associated with the boundary conditions are expressed as [23] : q ! ¼ ½0; 0; wðrÞ; S ¼ SðrÞ; h ¼ hðrÞ ð 1Þ
where R d is the radius of uncoated wire, U w is mean velocity. For Oldroyd8-constant fluid, S is expressed as
where the constants l; k 1 ; k 2 denote the zero shear viscosity, relaxation and retardation time, respectively and l 0 ; l 1 ; l 2 ; v 1 ; v 2 are the constants related with nonlinear terms. Following Shah et al. [46] , the above contravariant convected derivative designed by r over S and A 1 is expressed as where,
Therefore, the governing equations of the incompressible fluid flow are
where D Dt is temporal derivative. Due to the interaction between magnetic field and current a body force J ! Â B ! per unit volume take place in Eq. (8) . Hence, it can be assumed that (i) the electrostatic force is insignificant and (ii) uniform magnetic field acted employed along the z-direction. Consequently, the force generated along the z-direction can be written as [30] :
Substituting the Eq. (1) in Eqs.
( (3)- (6)), we obtained non-zero components of extra stress S as
The explicit expressions for the stress component can be obtained by solving Eqs. (11)- (14) as:
Here, a and b are dilatant and pseudoplastic constant, respectively. These parameters can be expressed as:
Substituting velocity field and Eqs. (10)- (13) in Eq. (8) take the form
and the energy Eq. (9) without convective terms becomes,
where / ¼ S rz e rz provided e rz ¼ dw dr
Case I: constant viscosity
The dimensionless parameters are:
into the system of Eqs. (23) and (24) and dropping the asterisk the Eqs. (23) and (24) becomes,
The corresponding boundary conditions are wð1Þ ¼ 1; wðdÞ ¼ 0
2.1.1. Method of solution: Case-I The Range-Kutta numerical technique has been used to resolve Eqs. (25) and (26) with boundary condition (27) . The nonlinear boundary layers equations then make 1st order ODE because the higher order equations at r ¼ d (thickness of boundary layer) are unavailable. Hence, the boundary value problem then solved by using shooting method. In order to minimise the computational cost, we assumed that
From velocity and temperature Eqs. (25) and (26) respectively,
Along with the boundary conditions y a ð1Þ ¼ 1; y b ð1Þ ¼ 0
Case-II: variable viscosity (Reynolds model)
Considering l as a function of h and by using non-dimensional
the non-dimensional momentum and energy equations (Eqs. (23) and (24)) can be written as (removing asterisks symbol):
In Reynolds model, the dimensionless temperature dependent viscosity can be expressed as l ¼ e ðÀB 0 mhÞ % 1 À B 0 mh. Therefore, the momentum and energy equations can be written as (removing asterisks symbol):
wð1Þ ¼ 1; wðdÞ ¼ 0 
We get the following as,
Under boundary conditions, In the case of variable viscosity, the temperature can be expressed as
Using expansion we have 
With prescribed boundary conditions, 
Results and discussion
In the present study, we modelled the coating material as third-grade fluid and investigated the wire coating. The wire coating process takes place in a uniform magnetic and porous medium. The entire discussion deals with three different aspects namely (i) constant viscosity (ii) Reynolds model considering temperature dependent viscosity and (iii) Vogel's model.
The effect of physical parameters such as dilatants constant ðaÞ, pseudoplastic constant ðbÞ, viscosity parameter of Reynolds model (m), and viscosity parameter of Vogel's model ðXÞ, the magnetic parameter (M) and porosity parameter (Kp) on velocity and temperature profile are discussed in the following subsection. The numerical solution has been obtained by using Runge-Kutta fourth-order method followed by shooting technique. Finally, the present result has been compared with the earlier published results reported by Shah et al. [46] by withdrawing the porous matrix as a particular case (Section 3.1).
Case-I: constant viscosity
The effects of the magnetic parameter (M), dilatant constant ðaÞ on velocity distribution for Kp ¼ 100 and 0.05 are shown in Fig. 2 . It can be seen that the velocity profile decelerates as magnetic field strength increased. This is due to the Lorentz forces, which act as a resistive force and resists the motion of the fluid. The variation of velocity profile is significant for dilatants constant. The velocity profile retards throughout as dilatant constant increases, whereas the reverse effect was evident in the presence of porous matrix due to the absence of magnetic parameter. The situation becomes adverse in the presence of a magnetic parameter. It can be noted that the Curve-1 (Fig. 2) made a good agreement with the reported results of Shah et al. [46] where M ¼ 0; Kp ¼ 100; a ¼ 0:4. Fig. 3 depicts the effects of M and b in the absence/presence of porous matrix on velocity profile. It can be observed that the magnetic parameter decelerates the velocity profile. This decrease is due to magnetic force density, which is equivalent to a viscous breaking force. It tries to cancel the velocity component i.e. orthogonal to the direction of magnetic field. The effects of b on the velocity profile are quite similar to that of a described in Fig. 2 . In absence or presence of porous matrix, the effect of the magnetic parameter and pressure dependent parameter on velocity distribution is shown in Fig. 4 . It can be seen that both the pressure dependent along the axial direction and magnetic parameter decrease the velocity in both the absence/presence of porous matrix in the process of wire coating. The effect of porosity parameter is significant in comparison with other parameters. Fig. 5 exhibits the effect of M and Br on temperature distribution in absence/presence of porous matrix. In this case, tempera- ture distribution was exhibited through a third grade fluid with the pseudoplastic parameter b when b ¼ 0:1. In the wire coating process, the Brinkman number (Br) generally known as the relative measure of viscous heating with heat conductor. It can be observed that the temperature distribution enhanced significantly both in absence/presence of porous matrix with a significant increase in Brinkman number. Further, an increase in magnetic parameters contributes two layer variations as well as distinct characteristics in the boundary layer. It appears that in the region of r 6 1:6, the magnetic parameter increases with the increase of fluid temperature (h) and then temperature distribution retards significantly.
The effect of pressure dependent constant parameter (X) on temperature distribution in absence/presence of porous matrix considering constant magnetic parameter is shown in Fig. 6 . It is remarked that pressure dependent constant has a retarding effect on the temperature profile after a region r > 1:9 where as the reverse effect was encountered near the plate in the presence/ absence of magnetic and porous matrix. Thus, the reverse effect i.e. hike in temperature can be interpreted as the contribution of heat energy due to combined effects of resistive magnetic force and porous matrix as well as stored energy due to the property of the fluid. This can be clearly observed from the Curve II and Curve IV (absence of magnetic) and from the curve VI and VIII (presence of magnetic). Fig. 7 shows the velocity distribution for different values of M in the absence or presence of porous matrix considering constant pseudoplastic parameter. It is worth to note that in the absence of magnetic parameter and Kp ¼ 100; the velocity profile increased as a non-Newtonian parameter (b) increases while the reverse effect was encountered in the presence of porous matrix. Thus, it can be concluded that the non-Newtonian property of the fluid is responsible for enhancing the velocity profile in the absence of M and Kp. Another interesting observation is that the velocity profile significantly retards as b increases for the high magnetic parameter ðM ¼ 2Þ in both the presence/absence of porous matrix. In contrast with the constant viscosity case, the inclusion of non-Newtonian parameter and the magnetic parameter does not alter velocity profile.
Case-II: variable viscosity (Reynolds model)
In absence/presence of porous matrix, the effect of M and b on the temperature distribution is shown in Fig. 8 . Here the Reynolds model viscosity parameter m was fixed (i.e. m ¼ 10). It can be seen that in the absence of porous matrix (Curve I and II), the temperature profile increases sharply up to a certain region (r 6 1:7) and afterwards, it decreases. Further, in the presence of porous matrix the velocity profile enhanced as M increases (Curve II and VI). From curves I and III and V and VIII it is clear to note that the temperature profile decreases significantly as the pseudoplastic parameter increase in both the absence/presence of magnetic and porous matrix parameters. This is due to the fact that the nonNewtonian parameter inclusion with Reynolds model viscosity parameter retards the temperature profile at all points in its boundary layer. Fig. 9 illustrates the effects of M and Br on the temperature distribution in absence/presence of porous matrix. It can be observed that the temperature profile gets enhanced as magnetic parameter increases within the layer r 6 1:6 (Curve I and V). The present result made a fairly good agreement with the result reported by Shah et al. [46] . Also, it is interesting to point out that there was a peak in temperature profile due to large viscous heating (B r ¼ 5) in absence/presence of M and Kp. The peak in temperature can be seen up to r ¼ 1:4 and afterwards the characteristic follow a linear trend. As a result, the cooling material gets heated for a large value of viscous heating as well as a magnetic parameter in the presence of non-Newtonian parameter and Reynolds model viscous parameter if b 0 ¼ 0:01 and m ¼ 10. Hence, it can be concluded that B r contributes the non-linear distribution of temperature significantly.
Case-III: variable viscosity (Vogel's model)
In order to physical insight to the problem for Vogel's model, the variation of velocity and temperature distribution for different values of physical parameters are shown in Figs. 10-12. Fig. 10 presents the effect of the magnetic parameter and pressure gradient parameter in the absence/presence of porous matrix. It can be observed that increase in pressure gradient increases the velocity distribution significantly due to the presence of a non-Newtonian parameter. A Large value of b 0 ¼ 0:01 can enhance the velocity layer in the region r < 1:5 and then decreases rapidly in presence/absence of magnetic parameter as well as a porous matrix. Further, the Lorenz force which denotes as a resisting force has a retarding effect on velocity profile. Therefore, the velocity profile reduces as magnetic parameter increase.
An interesting observation is encountered in Fig. 11 that in the absence of magnetic parameter (i.e. M ¼ 0), the temperature profile increasing as the pressure gradient increases in the middle zone and then decreases (Curve I and III) while the effect was reversed when M ¼ 3: The temperature decreases up to the region (1 6 r 6 1:9) further it increases to meet the boundary layer. This is because when M ¼ 3 the inclusion of non-Newtonian parameter enables to enhance the temperature level. Again the temperature distribution enhances due to increasing in a magnetic parameter in the absence or presence of porous matrix within the layer (1 6 r 6 1:7) and afterwards, it decreases. Fig. 12 displays the temperature distribution for different values of M and Br in presence/absence of porous matrix (in the case of Vogel's model). It is noteworthy that magnetic parameter enhanced the temperature profile within the layer (1 6 r 6 1:6) and afterwards, decreases in presence / absence of porous matrix. The similar observation was encountered as in Reynolds model that large viscous heating Br ¼ 5, increased the temperature at the middle of the zone. From curve VI and VIII, it is interesting to note that in the presence of porous matrix and magnetic parameter, the peak in temperature observed within the layer (1 6 r 6 1:8). Further, it decreases significantly. Thus it is concluded that Brickman number is responsible for enhancing the fluid temperature near the surface of the boundary layer and the converse also hold true at the inner surface of the die. Table 1 depicts the comparison table  of average velocity in case of constant velocity. It is seen that in the absence of magnetic parameter ðM ¼ 0Þ and porous matrix ðKp ¼ 100Þ the present result is in good agreement with the result of Shah et al. [46] .
Conclusions
The steady MHD flow and heat transfer of an Oldroyd 8-constant fluid in wire coating analysis was analysed numerically considering three different cases. The findings of the present study are summarised case wise below:
4.1. Case-I: constant viscosity i. Magnetic parameter contributes to decelerate the velocity profiles significantly whereas dilatants constant and pseudoplastic parameter characterised the melt polymer (Oldroyd 8-constant fluid) and accelerates velocity in the presence of porous matrix and absence of magnetic parameter, respectively. ii. Further, an increase in Brinkman number enhanced the temperature distribution irrespective in presence / absence of porous matrix. iii. Two layer variations were remarked in the case of pressure dependent constant parameter which has a retarding effect for the region r > 1:9 and reverse effect was encountered near the plate.
Case-II: Variable viscosity (Reynolds model)
iv. The non-Newtonian properties of fluid enable to enhance the velocity profile in the absence of both magnetic and porous matrix parameter whereas for moderately large M in conjunction with pseudoplastic constant the velocity profile decreased. v. In comparison with constant viscosity, the inclusion of nonNewtonian and magnetic parameter the velocity profile was unaltered. vi. In absence/presence of magnetic and porous matrix parameters, the temperature profile decreases significantly as the pseudoplastic parameter increases. It can be seen that Brinkman number contributes to the non-linearity distribution of temperature with the inclusion of non-Newtonian parameter and Reynolds model viscosity parameter.
Case-III: variable viscosity (Vogel's model)
vii. In the presence of non-Newtonian parameter, the velocity profile increases significantly with increasing the pressure gradient. Moreover, a retarding effect on velocity profile has been observed due to the Lorenz force. viii. Vogel's model gives two layer temperature distributions due to the presence of pressure gradient. Another interesting aspect is the occurrence of the point of intersection in the middle of the region. It is noted that the temperature profile can enhance due to large magnetic and viscous parameters. 
